sought to produce a mAb, which has high specificity for Herp.
MATERIALS AND METHODS

Recombinant Herp protein
Total RNA was isolated from human mononuclear leukocytes with Isogen (Nippon Gene, Tokyo) and cDNA was prepared by reverse transcription. The donor of the leukocytes provided informed consent for use of the extracted RNA. Based on the sequence of Herp gene (NCBI GenBank Accession no. AB034989), the primers 5′-GAACTGTCGTTGCAGAGATTG-3′ and 5′-GCTTA GTGTGAACACAGTGTAGTG-3′ were designed in order to amplify the region encompassing amino acids 1-302 of Herp (exons 1-6) from cDNA. This region is thought to face the cytoplasm (Kokame et al. 2000) . The PCR product was then used as the template for subsequent rounds of PCR amplification using the primers 5′-CTGGGATCCATGGAGTCCGAGACCGAACC-3′ and 5′ -CCGCTCGAGTTACAGGTACATAACAAC-3′ , which include sites for the restriction enzymes BamHI and XhoI, respectively (underlined). The resulting PCR fragments were purified using the QIA quick ® PCR Purification Kit (QIAGEN GmbH, Hilden, Germany) and were inserted into the cloning site of the TOPO vector (Invitrogen corp., Carlsbad, CA, USA). The resulting plasmid was digested with both BamHI and XhoI and the insert was ligated to the pGEX-6P1 vector (Amersham Biosciences, NJ, USA), which had also been digested with BamHI and XhoI, for expression of Glutathione S-Transferase (GST)-Herp fusion protein.
The resulting plasmid, pGEX6P1-Herp, was introduced into E. coli BL21 cells (Stratagene, La Jolla, CA, USA) in order to produce the recombinant Herp protein.
A 10-ml aliquot of an overnight saturated culture of the pGEX6P1-Herp-containing BL21 cells in 2× YT medium was inoculated to a 1-l culture in 2× YT medium containing 100 mg/ml ampicillin and 2% glucose. The culture was grown at 30°C with vigorous aeration until optical density (OD) at 600 nm of the medium reached 0.6-0.8. At that point, 0.1 mM isopropyl-β -Dthiogalactoside (IPTG) was added to boost expression of the recombinant protein during the last 2 hrs of culture. The cells were harvested by centrifugation at 4,000 g for 20 min. The bacterial pellet was suspended in phosphate-buffered saline (PBS), centrifuged at 2,300 g for 15 min and frozen at −80°C overnight. Extraction of proteins from the pellet was done using the B-PER Bacterial Protein Extraction Reagent (Pierce, Rockford, endoplasmic reticulum (ER) stress (Zhang et al. 2001) . Homocysteine-induced ER stress contributes to the development of atherosclerosis in apolipoprotein E-deficient mice (Zhou et al. 2004 ) and a high level of plasma homocysteine is one of the risk factors for atherosclerosis (Lawrence et al. 2003) , ischemic cardiovascular diseases, cerebrovascular diseases, and thrombosis ). An increased level of plasma homocysteine is observed in patients with systemic lupus erythematosus and is an independent risk factor for thromboembolic events or cardiac valvular abnormalities in these patients (Petri et al. 1996; Jensen-Urstad et al. 2002; Refai et al. 2002; Afeltra et al. 2005) .
ER stress is defined as the accumulation of misfolded or unfolded proteins in the ER lumen. To cope with this stress, cells not only attenuate protein translation, which prevents further accumulation of unfolded proteins, but also upregulate the expression of ER chaperones and the proteins needed for ER-associated protein degradation. Homocysteine-induced ER protein (Herp) was identified as one of the proteins that is upregulated by homocysteine in human umbilical vein endothelial cells (Kokame et al. 2000) . Herp is a 54-kDa membrane protein that is localized in the ER and has an N-terminal ubiquitin-like domain. A major portion of the Herp molecule is present in the cytoplasmic side of the ER membrane.
A defect in Herp increases the vulnerability of embryonic carcinoma cells to ER stress (Hori et al. 2004 ). High expression of Herp with formation of amyloid β -protein deposited in vascular cells was observed in the brains of patients with Alzheimer disease (Sai et al. 2002) . Herp may regulate neuronal Ca 2+ signaling (Chan et al. 2004) , and the expression of Herp markedly increased in neurons of rats subjected to ER stress (Hori et al. 2004) . Herp may play a protective role against ER stress.
In clarifying this protective role, the kinetics and distribution of Herp may provide novel insights into the relationships between ER stress and diseases. Precise detection of Herp protein, however, is difficult because no anti-Herp monoclonal antibody (mAb) is available. Thus, we IL, USA). Solubilized GST-Herp fusion protein in the supernatant was purified with glutathione-sepharose beads (Amersham Biosciences). To remove the GST region from the fusion protein, the solution was dialyzed for 16 hrs at 4°C in cleavage buffer (50 mM Tris-HCl, pH 7.2; 150 mM NaCl; 1 mM EDTA; 1 mM dithiothreitol), and incubated with PreScission Protease (Amersham Biosciences) at 4°C for 8 hrs. After dialysis in PBS, GST was removed from the solution using glutathionesepharose beads. The purity of the recombinant Herp was evaluated by 15% SDS-PAGE followed by silver staining.
Anti-human Herp mAb
All animal experiments were approved according to animal welfare committee regulations. Six-week-old female BALB/c mice were immunized intraperitoneally with 100 μ g of recombinant Herp in RIBI adjuvant R-700 (Corixa ® , Montana, USA) on day 0 and day 14, and again with 50 μ g of Herp on day 28. Spleen cells were isolated at day 31 and fused to P3X63Ag8.653 myeloma cells at a splenocyte to myeloma cell ratio of 3 : 1 (Kudo et al. 1987) . Hybrids were grown at 37°C in a humidified atmosphere at 5% CO 2 in GIT medium supplemented with HAT (0.1 mM hypoxanthine, 0.4 mM aminopterin, 16 mM thymidine) and screened for binding to Herp by Enzyme Linked Immunosorbent Assay (ELISA). Five anti-Herp mAb producing clones were established by limiting dilution. Each mAb was purified from the culture supernatant using an UltraLink Immobilized Protein A/G column (Pierce, Rockfold, IL, USA), and checked for its affinity and specificity for Herp by ELISA. HT2 mAb, which was produced from one of the five clones, showed high affinity and specificity to Herp. The isotype of HT2 mAb was determined using an ImmunoPure Monoclonal Antibody Isotyping Kit (Pierce).
ELISA
A 96-well microtiter plate (Immulon 2HB, Thermo, Tokyo) was coated with 100 μ l/well of test antigen, such as recombinant Herp, GST protein or hen egg lysozyme, in 0.1 M PBS for 2 hrs at 37°C. After washing three times with PBS containing 0.1% Tween-20 (T-PBS), the plate was incubated for 60 min at 20°C with 200 μ l of blocking solution (T-PBS, 4% bovine serum albumin). The plate was then washed once with T-PBS and 10 μ g/ml of anti-Herp mAb in Canget Signal Solution 1 (TOYOBO, Osaka) was incubated on the plate for 1.5 hrs at 20°C. After washing three times with T-PBS, a monoclonal horseradish peroxidase-labeled goat antimouse IgG mAb (Cappel, CA, USA) diluted 1 : 5,000 in Canget Signal Solution 2 (TOYOBO) was added and the plate was incubated for 60 min at 20°C. After washing three times with T-PBS, the enzymatic activity was determined by adding 50 μ l/well of 3, 3′, 5, 5′-tetramethylbenzdne liquid substrate system (Sigma) and the reaction was terminated after 60 min by adding 0.5 M sulfuric acid. The absorbance was measured at 450 nm and 540 nm, as reference, using an ELISA plate reader.
For the competitive inhibition ELISA, antibodies in Canget Signal Solution 1 (TOYOBO) with inhibitor (recombinant Herp or GST in concentrations from 0.001-0.1 μ g/ml) were incubated in polypropylene tubes for 60 min at 20°C and added to antigen-coated 96-well plates. Bound IgG was detected as described above.
Immunoblotting
HeLa cells were cultured in 10% fetal calf serum (FCS)-MEM medium for 6 hrs at 37°C with 1 μ M of thapsigargin, 2 mM of homocysteine, or 1 mM of 2mercaptoethanol. Control cells were cultured without any stimulating agent. After centrifugation at 20 g for 5 min, pellets of 5 × 10 6 cells were resuspended in 2.4 ml of 1× sample buffer (10 mM Hepes-KOH pH 7.4, 250 mM sucrose, 10 mM KCl, 15 mM MgCl 2 , 1 mM EDTA, and 1 mM EGTA) and homogenized by passing it through a 26-gauge needle 30 times at 4°C. The lysate was centrifuged (1,000 g for 5 min), and the supernatant was separated and centrifuged again (10,000 g for 5 min). The pellet that contained the membrane fraction was resuspended in 1× SDS buffer. The sample was boiled at 95°C for 5 min and applied on 10% SDS-polyacrylamide gel for electrophoresis. The separated proteins were transferred onto an Immobilon TM -P transfer membrane (Millipore, MA, USA). The membrane was blocked using the blocking solution (4% skim milk, 0.1% Tween-20, and PBS) at 4°C overnight. HT2 mAb 2 μ g/ml or control mouse IgG 1 2 μ g/ml in blocking solution was added to the membrane and incubated for 90 min at 20°C. For some samples, 2 μ g/ml of recombinant Herp protein was added to HT2 mAb or mouse IgG 1 60 min prior to incubation. Biotinylated-GOAT (Fab′) 2 , anti-mouse IgG Ab (KPL, Washington, USA) 0.3 μ g/ml in blocking solution was added to the membrane and incubated for 60 min at 20°C. The membrane was washed with 0.1%T-PBS, and then Streptavidin-HRP (1 : 5,000, Amersham Biosciences) in blocking solution was added and incubated for 60 min at 20°C. After washing with 0.1%T-PBS, the membrane was incubated with Chemiluminescence Reagent Plus (Perkin Elmer Life & Analytical Sciences, MA, USA) to visualize positive signals.
Immunofluorescence microscopy
HeLa cells were cultured on glass-bottomed culture dishes (MaTek corp., MA, USA) in 10% FCS-MEM medium for 6 hrs at 37°C with 1 μ M of thapsigargin, 2 mM of homocysteine, or 1 mM of 2-mercaptoethanol. Control cells were cultured without any stimulating agent. After washing with PBS for three times, the cells were fixed on dishes with acetone-methanol mixture (1 : 1) at −20°C for 20 min. The cells were washed with PBS for three times, and then incubated with 0.05% TritonX100-PBS at 20°C for 2 min and blocked with 5% normal goat serum (Dako Cytomation, Glostrup, Denmark)/3% BSA/PBS at 4°C overnight. After washing with PBS for three times, the cells were incubated with 5 μ g/ml of anti-KDEL mAb (Assay designs, MI, USA), which recognizes the ER retention signal peptide sequence, for 1 hr at 20°C. Washed with PBS for three times, Fluorescein isothiocyanate (FITC) labeled goat F (ab′) 2 anti-mouse IgG Ab (KPL, WA, USA) 50 μ g/ml was added to the cells and the dishes were incubated for 1 hr at 20°C. HT2 mAb and control mouse IgG 1 (isotype matched control, R&D systems Inc., MN, USA) were labeled with Quantum dot (Qdot) 655 (Invitrogen). HT2 mAb or mouse IgG 1 conjugated with Q dot 655 was added to the washed cells on dishes and incubated for 1 hr at 20°C. After an additional washing step, the cells were sealed with Prolong Gold antifade reagent (Invitrogen) and examined under a fluorescence microscope (Keyence, Osaka).
RESULTS
BALB/c mice were immunized with recombinant human Herp protein to establish a hybridoma producing a mAb that specifically recognizes Herp. We isolated a mouse anti-Herp mAb, HT2, which bound to recombinant Herp in a dosedependent manner (Fig. 1A ) but not to GST or hen egg lysozyme (data not shown). Anti-mouse IgG 1 and anti-mouse IgGκ recognized HT2 (Fig.  2) . Isotype-matched control mouse IgG 1 did not bind to Herp (Fig. 1A) . In competition ELISA, the binding of HT2 mAb to Herp was interrupted by Herp but not by GST (Fig. 1B) .
HT2 mAb recognized a 54-kDa protein in the membrane fraction extracted from untreated or ER-stressed HeLa cells (Fig. 3, lanes 1-4) . Importantly, the expression level of the 54-kDa protein was increased in ER-stressed HeLa cells. The detected band was eliminated by absorption of HT2 mAb with recombinant Herp protein prior to incubation (Fig. 3, lanes 5-8) . Isotype-matched control IgG 1 scarcely recognized the band (Fig. 3,  lanes 9-12) . A: Direct binding of HT2 mAb to Herp protein. A 96-well plate was coated with recombinant Herp (0.001, 0.003, 0.01, 0.03, 0.1 μ g/ml) and assayed with HT2 mAb (1 or 0.1 μ g/ml) or control IgG 1 . Control IgG 1 was isotypematched normal mouse IgG. B: Competition ELISA. 0.03 μ g/ml of Herp was assayed with 1 μ g/ml of HT2. Herp or GST protein was used as an inhibitor. Double immunofluorescence staining revealed that the cytoplasmic region of ERstressed HeLa cells was stained with HT2 mAb (red fluorescence) and with anti-KDEL mAb (green fluorescence) in a similar pattern (Fig. 4) . With control IgG 1 , only a marginel signal was detected. Peripheral blood lymphocytes obtained from healthy individuals were not stained with HT2 mAb (data not shown).
DISCUSSION
We established a monoclonal anti-human Herp antibody-producing clone. This mAb, HT2, specifically binds to Herp in a dose-dependent manner (Fig. 1A) . Recombinant human Herp, which was used as immunogen, was synthesized as a GST fusion protein and then cleaved to remove the GST portion, but the binding of HT2 mAb to Herp was unaffected by GST ( Fig. 1B) . Thus, HT2 mAb did not cross-react with GST. Fig. 2 . Isotype determination of HT2 mAb.
A 96-well plate was precoated with 1 μ g/ml of Herp, and the culture supernatant of HT2 clone was added to well. Rabbit subclass-specific anti-mouse IgG or HRP-labeled goat antirabbit IgG was used for detection. Fig. 3 . Western blotting with HT2 mAb. The membrane fraction was extracted from HeLa cells untreated or treated with an ER-stimulating agent and electrophoresed. NS, non-stimulated; Tg, 1 μ M thapsigargin; HC, 2 mM homocysteine; 2ME, 1 mM 2-mercaptoethanol. HT2 mAb or control IgG 1 2 μ g/ml was tested for Herp detection by Western blotting. Lanes 1-4, HT2 mAb; Lanes 5-8, HT2 mAb absorbed with 2 μ g/ml of recombinant Herp; Lanes 9-12, control IgG 1 .
HT2 mAb could detect native Herp in ER-stressed cells (Fig. 3, lanes 1-4) , indicating the fine specificity of this mAb. The specificity of the binding to native Herp was confirmed by absorption with recombinant Herp (Fig. 3, lanes 5-9) . Moreover, HT2 mAb can be used in immunofluorescence staining. It demonstrated the increase in Herp in cells stimulated with thapsigargin, homocysteine, or 2-mercaptoethanol ( Fig. 4) . HT2 mAb should be useful in the investigation of the kinetics and distribution of Herp. In addition, this anti-Herp mAb may be helpful to detect ER stress prior to apoptosis and enable us to assess subclinical phases of diseases. ER stress is thought to be involved in many diseases, such as diabetes mellitus, autoimmune myositis, cardiac hypertrophy, alcoholic liver injury, and druginduced renal injury (Yoshida 2007) . Further studies with tissue samples will be needed to develop clinical and experimental applications of HT2 mAb.
